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Abstract 



The oscillator-like interaction is introduced in the equation for the particle of arbitrary 
spin, given by Dirac and re-written to a matrix form by Dowker. 



Recently, the conception of relativistic oscillators |1J got developed significantly in 
connection with the papers of Moshinsky 0. The case of spin j = 1/2, the Dirac 
oscillator, ref. [2a], as well as the cases of j = 0, the Klein-Gordon oscillator, ref. 
and j — 1, the Duffin-Kemmer oscillator, ref. [[|, have been investigated. In this letter 
we try to generalize the notion of relativistic oscillator with intrinsic spin structure to 
the case of arbitrary spin. 

We begin from the equation for any spin given by Dirac ||, see also ref. ||, in the 
form written down in ref. J/], p. 154] by Corson, c — H — 1, 

[ d AB v B (k + \)^{k + |, I - \) - m (^±i) V2 v A {l)iP{k, I) = 0, 

(1) 

{ d AB v A m(k, + m (sgj) V2 v B (k + \)i){k + |, I - |) = 0. 

Here we use Corson's notation, u and v A are the rectangular spinor-matrices of 2k 
rows and 2k + 1 columns (see, e. g., section 17b of ref. [0] for details). The wave 
function ip(k, I) belongs to the (k, I) representation of the homogeneous Lorentz group. 
The choice / = 1/2 and k = j — 1/2, j is the spin of a particle, permits one to reduce a 
number of subsidiary conditions. Namely, we have the only condition in this case || [10 



d AB v B {j-\)A\mj-\\) = ^ (2) 

which follows from (lb). Moreover, the equations ([!]) are shown by Dowker |9[|-||12| to 
recast to the matrix form which is similar to the well-known Dirac equation for j = 1/2 
particle 



a^d^ = mT, 



The 4j- component function $ could be identified with the wave function in (j, 0) 
(j — 1, 0) representation. Then, T, which also has 4j components, is written down 



V u A (j)®v A {f) j 2 2 

and it belongs to (j — 1/2,1/2) representation. Four matrices a M and four matrices 
a M = ct M , where fj, — 0, 1, 2, 3, obey the anticommutation relations of Pauli matrices 

a^ a u) = g^, (5) 

however, they have the dimension 4j <g> 4j. This set of matrices has been investigated 
in details in ref. U, and a 11 was proved there to satisfy all the algebraic relations of 
the Pauli matrices except for completeness. 
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Defining p^ = — i<9 M and the analogs of 7- matrices as following: 

the set of equations @ is written down to the form of the Dirac equation 

(p»Y-m)^=0. (7) 

However, let us not forget that $ and T are 2-spinors only in the case of j = 1/2. 

As mentioned in, e. g., ref. 0, p. 33, 124], in the case of spin j = 1/2 the set of 7- 
matrices in representation (pi) 



/ u — -611-2(8.2 



-H 9a o\ 1 / ZT 



zi 2 ® 2 or v / — 1 

2T 2 



7* = 


(° 





ir 3 


ir 3 






-1 



7 



7 = W 2 J' 7 

is defined up to the unitary transformation and Eq. (|7]) could be recast to the Hamil- 
tonian form given by Dirac (with and /3 matrices) by means of the unitary matrix. 
It is easy to carry out the same procedure (a k = «S7°7 fc «S _1 and (3 = S^S' 1 ) for 7 
matrices, Eq. (||), and functions of arbitrary spin (\I/ = S^ 1 ■ column(4>,v)). For our 
aims it is convenient to choose the unitary matrix as following: 



y2 V ^H-4j'iS)4j 2-4j'®4j 

After standard substitution p — > p — imuj^r we obtain 

J EV> = — i [a (ap) + imw(ar)] u + ma o 0, , in >. 
\ = z [ao(«p!) — «™;(ar)] — matov. 

Since it follows from the anticommutation relations that a^a^ = «o«j (the signature 

is taken to be (+ — )), we have the equations which coincide with Eq. (8) of ref. 

[2a] or Eqs. (3.6) and (3.12) of ref. [2e] except for r M — > a^, i. e. their explicit forms, 



(E — m )4> = p + muor — ?>aomuj — 2mooaoTi lJ r l \/j 



(E + m )v = p + muf + 3aomu + 2mujaoT l lJ r l \/j v. (12) 

where S 1 - 7 = ^o^ap\ As shown in || it is always possible to pass to the representation 
of a 11 matrices with a the unit matrix. 

Thus, we convinced ourselves that we obtained the same oscillator-like interaction 
and the similar spectrum as for the case of j = 1/2 particles in [2a]. 

The author greatly appreciate valuable discussions with Profs. J. Beckers, N. De- 
bergh and A. del Sol Mesa. I am also grateful to Prof. J. S. Dowker for sending me 
the reprints of his papers. 
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